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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

I; . CUSTOM HOUSE-2D S CHESTf ’J UT STREETS
PHILA DELPHIA. PENNSYLVANIA inios

•~. IPI V NSPIi TO

NAPZN-D

1 9 NOV 1979
Honorable Brendan T. Byrne
Governor of New Jersey
Trenton, NJ 08621

• 
•
~~~

Dear Governor Byrne:

Inclosed is the Phase I Ins pec tion Repor t for Wad sworth Lake Darn in
Gloucester County, New Jersey which ha s been prepar ed under
authorization of the Darn Inspection Act , Public Law 92—367. A brief
assessment of the dam ’s condition is given in the front of the report.

‘— Based on visua l inspection , available records, calc u la t ion s and past
• operational performance , Lake Wadsworth Darn, a high hazard potential

structure , is judged to be in fair overall condition . The dam ’s
spilivay is considered inadequate since 12 percent of the Sp illway
Design Flood——SDF — would overtop the dam. (The SDF, in th i s
instance , is one half of the Probable Maximum Flood). The decision to
consider the spillway Uinadequate~ ins tead of ~ser i ous1y ina dequa te~
is based on the determination that darn failure resulting from
over topp ing would not significantly increase the hazard to loss of
life downstream from the darn (rots that which would exist just before
overtopp ing failure . ~To insure adequacy of the structure, the
follow ing actions , as a minimum , are recoasended: 1’

,.

a. The spillwa y ’s adequacy should be determined by a qual if ied
professional consultant engaged by the owner using more sophisticated

• method s, procedures, and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure
the adeq uacy of the sp iliway and to prevent overtopping should be
initiated within calendar year 1980.

- L ~~~~ —



~~~ — —,--— ,.• ---~~~~~ ~~~~~_~~~ -~ —-~-w ~~~~•-~~~~ --__ --,.-. -- •--~—•. — •—•~~~~~
• •

• NAPEN—D
H norable Brendan T. Byrne

b. Within six months from the date of approval of this report ,
engineering studies and analyses should be performed to analyze the
dam’s embankment and foundation condition relative to seepage and
design the regrading of the dam crest near the left abutment and to
the right of the spiliway. Any remedial measures found necessary
should be initiated within calendar year 1980.

c. The following remedial actions should be completed within one
year from the date of approval of this report:

(1) Inspect the condition of the downstream slopes behind the
spiliway wingwalls and provide addition slope protection as required.

(2) Repair the spalled concrete surfaces at the ends of the
horseshoe spilivay crest, the tops of the creitwalls at the sides of ~~~~~~
the sp illway and the vertical cracks in the downstream wlngwalls. ~~~~~~~~~~ 

•

(3) Examine and repair the riser stem and wheel of the sluice ~~~~~~~~~~~ ~~~

gate.

(4) Backfil l  and compac t eroded and sloughed areas along the
upstream embankment.

(5) The down stream cu lver t under Del sea Drive should be
• excavated by the New Jersey Department of Transportation to restore

i ts designed hydraulic capacity.

• (6) The owner should contac t the Division of Water Resources •

for information re la t ive  t ann ual safe ty inspections and develop a
checklist of maintenance procedures so that records of inspections and
cond itions can be m a i n t a i n e d .

A copy of the repor t is being furnished to Mr. Dirk C. Hofman, New -
•

Jersey Department of Environmental Protection , the designa ted State
Office contac t for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman James J. Florio of the
First District. Under the provision of the Freedom of Information
Act , the inspection report will be subject to release by this office,
upon request , five clays after the date of this letter. 

______________________
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NTIS Ol~MI
DDC TAS
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Addi tional copies of this report may be obtained from the National
Technical Information Services (NTIS), Springfield , Virginia 22161 at
a reasonable cost. Please allow four to six weeks fro. the date of
this letter for NTIS to have copies of the report available.

An important aspec t of the Darn Safety Program will be the
implementation of the recoamendations made as a result of the
inspection . We according ly request that we be advised of proposed
actions taken by the State to imp lement our recoimnendations.

Sincerel y,

-
‘ ~

.—_
~~~

__1
~~

”

~~-

I m c i  JAMES C. TON
As stated Colonel , Corps of Eng ineers

Di st ric t Eng ineer

Cop ies f urnished:
Mr. Dirk C. Hofman, P.E., Deputy Director

r Division of Water Resources
N.J. Dept. of Environment~ 1 Protection

• • I. P.O. Box CN029
Trenton NJ 08625

Mr. John O’Dovd, Acting Ch i ef
Bureau of Flood Plain Management
Division of Water Resources

• 
~• N.J. Dept . of Environmcnt:~1 Protection

P.O. Box CN029
• Tren ton , N..L_08625
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LAKE WADSWORTH DAM (NJ00433)

CORPS OF ENGINEERS ASSESSMENT OF CENERAL CONDITIONS

This dam wa s Inspected on 9 May 1979 by Loui s Berger and Associa tes,
Inc. under contrac t to the State of New Jerge3j.• The State , under

• agreement with the U.S. Army Engineer District , Philadel phia , had this
inspection performed in accordance with the Natio nal Dam Inspection
Act , Public Law 92—367.

Lake Wadsworth Dam , a hi gh haz ard potential structure , is judged to be
in fair overall condition . The dam ’s spiliway is considered
inadequate since 12 percen t of the Sp i l L w a y  Design Flood——SDF — would
overtop the dam. (The 51W, in this instance , is one half  of the
Probable Maximum Flood). The decision to consider the sp i l iw ay
“inadequate” instead of “serious ly inadequate” is based on the
determination tha t dam f a i l u r e  resulting from overtopping would not
sig n i f i cant ly increase th e  haz ard  to loss of Life downstream from the
dam from tha t which would exist just before overtopping failure. To
insure adequacy of the structure , the following actions , as a minimum ,
are recoesuended :

a. The spiliway ’s adequacy should be determined by a qu.~Litie d
professional consultant engaged by the  owner using more sophisticated
method s , procedur es, and studi es w i t h i n  s ix mouths f rom the date of
approval of this report. Any remed ial measures necessary to insure
the adequacy of the spiltwa y and to prevent overtoppIng should be
initiated within cat end. i t  year 1980.

b. Within six months ti-om the date of approva l of this report ,
engineering studies and ~inil yst’s should he performed to anal yze the
dam ’s embankment and foundation condition relative to seepage and
design the reg:ading of the dam crest near the Left abutment and to
the righ t of the spitiway. Any remedial measures found necessary

• should be initiated withi n ~‘alendar year 1980.

c. The following r eme d ia l  actions should he completed wi thin one
year from the date of approval of this report:

C L )  Inspec t the t~~u d I t ion of the downstream slopes behind the
sp i l iway w i n g w a l l s  and provide additional slope protection as required.

• 
• (2) Repair the sp ill ed concrete surfa~-’s at the ends of the

horseshoe spiliway crest , the t ops of the crestwa lls at the sides of
the spiliwa y and the vertic: ,l cracks in the downstream wingvalls .

• •:-~~~
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(3) Examine and re pair the riser stem and wheel of the sluice
• gate.

(4) Backf i l l  and compac t eroded and sloughed areas along the
upstream embankment.

(5) The downstream culvert under Delsea Drive should be
excava ted by the New Jersey Depar tment of Transportatio n to restore
i ts desi gned hy draulic capacity.

(6) The owner should contac t the Division of Water Resources 
•

for information relat ive to annual safe ty inspections and develop a
checklist of maintenance procedures so tha t records of inspections and •, • •

condtUons can be maintained

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Colonel , Corps of Engineers •

District Engineer

DATE: / ~/ /S~f~’-/9 7~J

2

~~ ~. ~~~~~~~~~~~~~~~~~~~~~ ~~~ 
______________________ avaj .
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

N ame of Darn: Lake Wadsworth Dam Fed IDI NJ 00433
and NJ ID* 71

State Locat ed New Jersey 
•

County Located Gloucester
Coordinates Lat. 3944.2 - Long. 7506 .8
Stream Mantua Creek
Date of Inspection 9 May 1979

ASSESSMENT OF
GENERAL CONDIT~~ NS

L 

Lake Wadsworth dam is assessed as being in a fair  over-
• all condition although the spillway is inadequatu . The• darn appears to be susceptible to overtopping and further

engineering studies are recommended in the future to
study the seepage and regrading of the dam crest near the

• left abutment and to the right of the spiliway wingwall.
Remedial actions to be undertaken in the future include :

• 1) provide additional. slope protection behind the spill-
way wingwalls, 2) repair all spa]led and cracked concrete
in the spiliway , 3) rehabilitate the sluicegate and 4)
backfill the eroded areas on the upstream face of the
embankment.

• The capacity of the spiliway will accommodate only 11%
of the design flood (½ PMP) but the darn is not assessed

• 
_ _ _ _ _ _ _ _

• • • 
- •~r • t.. • • A •



I as UNSAFE , NON-EMERGENCY as failure from overtopping
I would not significantly increase the downstream hazard

to loss of life that would exist jus t before overtopping
failure occurred . Hence, the spiliway is not rated as I
seriously inadequate.

~~~~e~~~~~~ag~r~~~
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams ,
for Phase I Investigations. Copies of these guidelines
may be obtained from the Office of Chief of Engineers ,
Washington , D.C. 20314. The purpose of Phase I Investiga-
tion is to identify expeditiously those dams which may
pose hazards co human life or property. The assessment of
the general condition of the darn is based upon available
data and visual inspections . Detailed investigation , and
analyses involving topographic mapping, subsurface inves-
tigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation ; however,
the investigation is intended to identify any need for
such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations
of field conditions at the time of inspection along with
data available to the inspection team. It is important
to note that the condition of a darn depends on numerous
and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to
assume that the present condition of the dam will continue
to represent the condition of the darn at some point in
the fut~ure . Only through continued care and inspection can
there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses . In accordance with the
established Guidelines , the Spiliway Test flood is based
on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff) , or fractions
thereof. The test flood provides a measure of relative• spillway capacity and serves as an aid in determining
the need for u~ re detailed hydrologic and hydraulic
studies , considering the size of the dam , its general
condition and the downstream damage potential .

• •-
• •~ — •~~~~~ -~~~~—~~~~~ - --~~~~ - • -• - ~~iI~lI• • • •~ ~~~~~~~~~~~~~



U
PHASE I INSPECTION REPORT

NATIONAL DAM INSPECTION PROGRAM
NAME OF DAM: LAI(E WADSWORTH DAM FED ID# NJ 00433

SECTION 1 - PROJECT INFORMATIO N

1.1 GENERAL

a. Authority

This report is authorized by the Darn Inspection
Act, Public Law 92-367, and has been prepared
in accordance with Contract FPM-36 between
Louis Berger & Associates , Inc . and the State
of New Jersey and its Department of Environ-
mental Protection , Division of Water Resources .
The State , in turn , is under agreement with the
U.S. Army Engineer District, Philadelphia, to
have this inspection performed.

b. Purpose of Inspection

The purpose of this inspection is to evaluate
• the structural and hydraulic condition of the

Lake Wadsworth Darn and appurtenant structures ,
and to determine if the darn constitutes a
hazard to human life or property .

1.2 DESCRIPTI ON OF PROJECT

a. Description of Dam and Appurtenances

Lake Wadsworth Darn is an irregular 350 foot
long earth embankment with a centrally located ,
reinforced concrete semicircular arch spiliway .

• The right embankment section is approximately
110 feet long , terminating on the north at

• Pitinan Downer Road. The spil.lway consistS of
a circular arch with an overall arc length of
53.3 feet with a 3” notch in the center 18 feet.
The apiliway crest is 12.5 feet above the
stilling basin, which is edged by a two foot
high concrete lip 31 feet downstream. The top

• of the spiliway wingwalls and darn crest are
4 feet higher than the spillway . The heavily

* • 

• 

•
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I.
wooded left embankment ~s approximately .~00
feet long with a top width of 12 fee t and has
XH :1V slopes. A portion of its downstream
slope is backed by an old masonry brick wall
and counterforta for approximately bO feet.

b. Location

Lake Wadsworth dam is located .‘50 Lest east of
• Route 47 (Delsea Drive) in the Borough of

Glassboro and Washington Township, New Jersey
(the corporate boundary bisects the spiliway).

• The dam is built across Mantua Creek approximately
• 1,000 feet downstream f rom its confluence with

Duf f i e ld  Run at the Ster l ing Lake Dam (NJ 004 34~Lake Wadsworth is also known as Cresse (or Kressey)
Lake.

c Size Classification

The maximum height of the dam is 19.5 fee t w ith
a maximum storage capacity of 15.~ acre-feet .
According ly, the dam is ~n the small size
category as defined by the cri teria in the
Recommended Guidelines for Safety Inspection
of Dams (storage less than 1,000 acre-feet and
height less than 40 feet).

d. Hazard Classification

Based upon Corps of Engineers cr iteria , the dam
is classified as high hazard as the Fitlua n
power substation of the Atlantic City Electri.c
Company is located immediately below the left
embankment and a failure could severe ly disrupt
electrical service to the surrounding ~ornmunity .Further, 250 f..t downstream is a hydraul ical ly
aubstau~Asrd 24 foot wide culvert under Route 47which would be flooded if a dam collapse occured
(with possible disruption of numerous utilities
as well as traffic on Route 47).

e. Ownership

This darn is owned by Mr. Wayne Goff, c, o ~off
Nursery Delsea Driv., Pitman, New Jersey .

2

Li 
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f Purpose of Darn

The darn is used solely for recreational pur-
poses , impounding a privately owned lake.

• g. Design and Construction History H

Particulars of the original design and construc-
tion of the Lake Wadsworth dam are uncertain and
undocumented. The original structure (with
timber spillway ) was overtopped and breached
during a heavy rainstorm on July 15, 1925. The
breach caused considerable damage to the down-
stream roadway and to the Atlantic City Electric
Company ’s transformer station . Repairs to the
darn, performed by Michael Straub and Kolyn
Construction Company, were comp leted in March
1926 and included the construction of a concrete
semi-circular arch spiliway designed by Mr. Dirk
A. Dedel as well as the addition of a steel sheet
piling cut off wall in portions of the embankment
on either side of the spillway . In October
1932 and May 1940, inspections showed that the
embankment had undergone erosion which warranted
repair. The owner, Mr. Wadsworth Crease, was
notified each time and repairs were made shortly
thereafter. On September 1, 1940, the darn was
again overtopped as a result of severe flooding

• which had caused two upstream dams to fail. The
concrete spillway was undamaged, but approximately
50 feet of the right embankment and 40 feet of the
left embankment near Delsea Drive were washed
out. However , the transformer station and

• U.S.G.S. gauge house on the left embankment
were not damaged. The subsequent repairs to the
darn were performed by Edward H. Ellis Inc.,

• General Contractors of Westfield, N.J. Although
• the State Water Policy Commission recommended that

2½ inch T~~G. sheeting with 4” x 5” walers be
• driven into the embankment, it is not known

whether or not this was actually done. In
December 1970, further  repairs to the darn , per-
formed by Eastern Divers, Inc. included 1) patching

• of the concrete spillway with epoxy-resin concrete,
2)  the stem and wheel of the s luicegate were

• replaced and 3) an expansion crack in the west
____ 

wall was strapped and supported by a concrete
• cap .

• 3
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h. Normal Operating Procedures

Operations are conducted by the owner who lives
on an island on the easterly end of the lake and
maintains a commercial nursery business just to
the south on Delsea Drive (see Section 4 ) .

1.3 PERTINENT DATA

• a. Drainage Area

-
• The drainage area of Lake Wadsworth is 6.7

square miles.

b. Discharge of Darn Site

The spillway capacity with the reservoir at
crest elevation is calculated to be approxi-
mately 1,280 cfs. Discharge records are
available at this site as a stage discharge
gaging station is located on the darn. Maximum
recorded discharge is 4,200± cfs (1940). 

• 
‘• -

C. Elevation (Above M.S.L.)

• Recreation Pool - 71.0
Top of Dam - 75.0
Streambed at Center Line of Dam - 55.5+

d. Reservoir

• Length of Recreation Pool — 1,800 feet
Length of Maximum Pool - 2,200 feet

• e. Storage

• Recreation Pool — 70 acre—ft.
Top of Dam - 152 acre-ft.

f. Reservoir Surface

• Recreation Pool - 13.3 acres
Top of Dam - 27.7 acres

g. Dam

Type - Earth embankment with concrete spillway
Length - 350 feet

4
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• Structural Height - 19.5 feet (at spillway)
Freeboard between normal reservoir and top of
dam - 4.0 feet

• Top Width - 15+ feet
Side Slopes - Li. (upstream), 1.5H:1V (downstream)

• Zoning - composition and compactness unknown

h . Diversion and Regulating Tunnel

None

i. Spiliway

Type - Concrete, semi-circular arch weir 
•

Length of Weir - 53.3 feet (effective ~~~~~~
-

length — 5 0 ’)

• Crest Elevation — +71.0 ~

j. Regulating Outlet

24” vertical lift steel sluice gate (invert T. 
-

elevation +60.5+) •
• -
‘

I

5 —
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Design plans were available only for the 1925 con-
crete spi].lway construction which were prepared by
Mr. Dirk A. Dedel. The design indicated the overall
height, geometry and footing dimensions and called
for a 1:2:4 concrete mix (2,500+ psi) and steel
sheeting to be driven along the darn axis but the
extent of this corewall is unknown. It appears from
photographs that the corewall was entirely washed out
in the 1940 flood. The circular spillway and down-
stream apron are supported by a ateel sheeting •

cofferdam . No design analyses or records of any
subsurface investigations were located although a
compact grey sand was uncovered during the 1925
construction. The predominant soils in the vicinity
are composed of recent alluvium sands and silts with 

~~~~~~~~~~discontinuous intermingled layers of clay . The
alluvium overlies swampy deposits in some areas which
are generally encountered at depths less than ten
feet. Below this is Kirkwood sand, in most areas
extending down to bedrock . Drainage of the
foundation soils is usually poor and the depth to
bedrock is greater than 100 feet.

2.2 CONSTRUCTION

No data was located regarding who accomplished
the initial construction or what records were kept.
As the dam has always been in private ownership ,
it is doubtful if any additional records are readily
available other than those at the Division of Water

• Resources.

2.3 OPERATION

The darn has operated as an uncontrolled overflow
facility with very infrequent regulation of the
lake level by use of the 24-inch sluice gate (see
Section 4).

6
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t 2.4 EVALUATION

a. Availability

Sufficient engineering data is available to
determine the structural adequacy of the concrete
spiliway although no meaningful design coinputa-
tions were located. No data was acquired upon
which to base an assessment with regards to the
embankment composition or zoning. However,
except for the zone immediately to the right
of the spiliway , this is not particularly rele-
vant (see Section 6) and the power station benched
area stabilizes the entire left embankment.

b. Adequacy

The engineering data relating to the spiliway ; - -

is regarded as sufficiently adequate to render
the following assessment without recourse to
gathering further information . However, it is
believed that further data relating to the earth
embankment would be required in the future and
such additional information should include

• embankment cross sections, borings and piezometer
readings in selected localities (see Section 7).

• c. Validity

The validity of the spillway data is not
challenged as the inspection revealed it exists

• substantially as designed.
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SECT ION 3 - VISUAL INSPECTION

3.1. FINDINGS

a. General

Visual inspection was conducted on 9 May 1~ 79
and revealed the spillway to be carrying a
constant flow. The inspection team also
reviewed the conditions at the Sterling Lake
darn (which is at the Wadsworth Lake headwaters)
in li ght of its juxtiposition and past records
of failure. This darn is reported on separately .

b. Dam

The darn crest is fairly level except at the left
abutment and heavily wooded, as are the sideslopes .
Both the upstream and downstream slopes are very
irregular and have few areas where the original
grades are stabilized . The downstream slope to
the left of the spillway has been regraded by
the Atlantic City Electric Co. substation site
work , leaving a effective embankment height of
6 to 8 feet. There is considerable sloughing
of the slopes behind the downstream wingwalls,
in spite of some recently p laced concrete b lock
slope protection. Also, there are numerous
smaller eroded areas along the upstream slopes.
Immediately to the lef t of the spillway , there
is a 60’ long brick masonry wall built along
the downstream edge of the crest. This counter-
forted wall retains the crest embankment from
obtruding onto the power station property . The
U.S.G.S. gaging station is situated immediately
above the wall on the dam crest. The wall
appears to be part of a foundation of an earlier
building which occupied part of the substation
property.

The crest to the right of the spi liway is more
• heavily eroded and considerably distorted by

numerous foot paths and trails. There is
evidence of clear seepage emanating at the toe

• of the downstream wingwall over a width of about
20 feet. The phreatic line is about 3 to 4 feet

• above the lower strearnbed.

• 8
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Additionally , there is a low (2 ’-3’) stone
masonry wall just below the crest near the left
abutment. This wall is badly deteriorated and
was apparently installed after the 1940 flood
when a small breach occured in this area.
Just downstream of this wall is a small brick
building which houses a municipal sewage pumping
station .

C. Appurtenant Structures

The semi-circular concrete spillway is 34 feet
wide and has an 18’ by 3” notch formed in the
center portion . The crest shows no differential
settlement and is in moderately good structural
condition except both downstream wingwalls have
major structural cracks (which have been repaired
in some areas with wrought iron straps and expan-
sion bolts. According to records, these cracks
occurred immediately after the construction was
completed in 1925. The exposed tops of the
wingwalls are badly eroded with several inches
of concrete spalled of f. The walls are 4 feet
above spiliway crest and establish the darn crest
elevation.

The condition of the 1.6” thick concrete invert
slab could not be observed due to the depth of
water which is confined by the 2’ high sill
at the downstream edge. However, as this is
cast monolithically (and heavily reinforced)
with the wirtgwalls and horseshoe arch, minor
cracking would cause no undue concern .

• The 24” low level gate is positioned on the
• right of the spillway . The stem is bent out

of alignment but appears to be operable if the
• stem is straightened up. The stand and wheel

are presently partially buried and the timber
operating platform indicated on the design
drawings is completely demolished.

d. Reservoir Area

The reservoir has a stable , well-defined shoreline
• and is fairly clear of debris. The slopes are

____ 

fairly steep except near each abutment and heavily
wooded. The present owner lives on a small

9
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island near the Sterling Lake darn which discharges
the Duffield Run tributary into Mantua Creek
about 1,000 feet southeast of the study dam.
The shoreline along the south westerly edge
is considerably steeper and for the most part,

• undeveloped. The lake bed is composed of sand
and gravel and there appears to be very little
siltati.n.

e. Downstream Channel

Mantua Creek flows under Delsea Drive 250 feet
downstream from the darn. The left bank is
protected by an 8 foot high timber bulkhead
constructed from the left wingwall of the
spillway to this 24 foot wide culvert. This
protection places the substation platform about
2 feet above the street grade on Delsea Drive.
The downstream channel is quite heavily silted
up and the hydraulic capacity of the box culvert
is severely restricted . Delsea Drive, according
to records , was overtopped by 5.5 feet of water
during the 1940 storm. Roughly 600 feet further
downstream, Mantua Creek passes under Holly
Drive in three 72” CMP culverts.

L
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I’ SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

Operational procedures were not observed by the
inspection team. The spillway operates as an
uncontrolled weir and there are no current records
of any procedures in effect.

4.2 MAI NTENANCE OF DAM

Recently , modest attempts have been undertaken by the
owner to stabilize the eroded areas at each side of
the downstream wingwalls. About 10 years ago,
certain areas of the spiliway concrete were repaired
with epoxy-resin and the previously mentioned
vertical cracks in the wingwalls were strapped with
steel ties. It appears there has been no maintenance
of the embankment since it was repaired in 1940.

4 . 3  Maintenance of Op~erating Facilities

There is no day-by—day operation as the only facility
is the low—level 24” sluicegate.

4. 4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

No formal system exists except for monitoring by
local police and Civil Defense personnel during heavy
storms. As previously stated, the owner resides on an
island in the lake and is cognizant of the past history
of overtopping and his responsibilities.

4.5 EVALUATION OF OPERATIONAL ADEQUACY

The present operational procedures are deemed to
be adequate in view of the owner ’s proximity to
the site and the lack of downstream hazards insofar
as human life is concerned. As evidenced by the
two previous failures, the safe ty of the Lake
Wadsworth darn is only exacerbated should failure of
any of the several upstream dams occur. This, in no
way , eschews the necessary remedial measures that are
recommended in Section 7.

11
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data

Based on the criteria in the Recommended
Guidelines for Safety Inspection Dams, Lake
Wadsworth dam is small in size but is classified
as high hazard. One half the probable maximum
flood was selected as the design storm by the
inspecting engineer. Precipitation data was
obtained from Hydrometeorological. Report #33.
The routed outflow from Sterling Lake was
included in the overland inflow to Lake Wadsworth.
The inflow hyc~rograph and reservoir routing
were computed utilizing the nEC-i computer
program. Thi~ gave a peak inflow to the reser-voir of 11,823 cfs (5,483 cfs from Sterling plus
6,442 cfs from the remaining drainage area; the
slight difference is caused by staggering of
the peaks). Routing this through the reservoir
reduced this total inflow slightly to an outflow
of 11,754 cfs. The spillw~y capacity beforeovertopping occurs is 1,280 cf s and thus can
accommodate only 11% of the design flood and
is therefore considered inadequate.

b. Experience Data

No meaningful original design data was available
• for review. Records do indicate however, that

three separate sections of dam were washed out
• in September 1940 during a severe storm. A

maximum discharge of 4 ,2 00  cf s was later computed
as this flood overtopped the spiilway by 5.6
feet. By comparison , the PMF desig dlood would
overtop the spiliway by 8.4 feet.

c. Visual Observations

The spillway structure appears to be in a satis-
factory condition except for the questionable
condition of the low-level sluice . From a

• hydraulic standpoint, the major concern of the
____ 

inspection team was the lower portions of the
• darn crest near the left  abutment.

12
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d. Overtopping Potential

Based on the results of the hydraulic analysis,
• the capacity of the spiliway is inadequate to

accommodate the SDF (see Paragraph 7.l.a). The
darn has been overtopped at least twice in the
past and the hydraulic review indicates there
remains considerable potential for overtopping
in the future.

e. Drawdown

At the present time it could prove difficult
to dewater the lake via the 24” blowoff pipe
as the gate may be inoperable. However,
should this situation be remedied, it would
take approximately a day and a half to dewater
this lake , assuming no inflow from Sterling
Lake. •

13



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations

As a result of the field inspection and review
of the spil].way design plans , the structural
stability of the darn is believed to be moderately
good although the crest is susceptible to over-
topping, especially should any of the upstream
darns fai l .  The two areas on the embankment
crest which were of concern are at the lef t 

- 
-~

abutment and immediately to the right of the
spiliway . At the former, overtopping would
flood into Delsea Drive, the sewage pump house
and into the electrical sub-station property .
In this area , the crest appeared to be between
1 and 2 feet below the design crest although
the exact amount could not be determined due
to the heavy undergrowth on the crest. The
latter area, behind the downstream wingwall,
has been recently partially protected with
cinder-block slope protection but remains a
critical zone with seepage emenating several
feet above the downstream flowline. The rate
of flow was extremely small and could not be
meaningfully estimated.

b. Design and Construction Data

Summarizing Section 2, no detailed design com-
putations or construction plans were available
to fully assess all of the elements of the
spillway but sufficient overall dimensions
were obtained which, together with the field

• observations, reveal a conservative, well—
engineered design . Based on its observed
condition , the position and size of reservoir,
it is believed that additional structural
studies are unnecessary . However, as set forth
in Section 7 , additional hydraulic review could
possibly result in upgrading the long-term
operating characteristics.

14 ____
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c Operating Records

The performance of the spillway appears to have
been satisfactory since the 1940 breaching .
There are no records regarding other operational
deficiencies except further deterioration of
the structure since the most recent (1974)
inspection .

d. Post Construction Changes

There have been no major modifications since
the 1925 construction of the main elements of
the dam as they exist today . However, the
electrical substation has been modified in
more recent times , and the lef t bank of
the downstream channel protected by the •

timber bulkhead. The finished grade of the
substation area has been raised which
additionally helps stabil ize a considerable • 

- 
-

portion of the dam embankment . 
-

•

e. Seismic Stability

The dam is located in Seismic Risk Zone 1 and
experience indicated that dams in this
zone will have adequate stability under dynamic
loading conditions if they are stable under • -
static loading conditions . In the opinion of
the inspection team this dam is stable under
static loading conditions.

15



SE CTION 7 - ASSESSMENTS/RECOMME N DATIONS/
REME DIAL SECTIONS

7.1 DAM ASSESSMENT

a. Safety

Subject to the inherent limitations of the
• Phase I visual inspection , Lake Wadsworth Darn

is judged to be in a fair but sound overall
structural condition although the spillway is
capable of discharging only 11% of the ¼ PMF
design flood. However, the dam is adjudged
not to be UN SAFE , NON-E MERGENCY , in the opinion
of the inspection team a fa ilure from over-
topping would not significantly increase the
hazard to loss of life downstream from the
condition that would exist just before over-
topping failure . Due to the downstream
hydraulic constraints at Route 47 and Holly
Drive , a high tailwater condition would be
present just below the study dam and the over-
topping would not appreciably worsen this
condition.

There is no economically feasible way of
increasing the present spillway capacity and
the potential for overtopping the southwesterly
end of the embankment (near the left abutment)

• remains considerable. No detrimental findings,
except for seepage flow , were observed which
cannot be alleviated by the remedial repairs
enumerated below.

b. Adequacy of Information

The information obtained for the Phase I
inspection is deemed to be adequate for the
enclosed assessment but additional geotechnical
information would be required should fur ther
studies be undertaken regarding the seepage .

c. Urgency

No immediate urgency is attached to implementing
any further studies and the remedial measures
set forth below should be undertaken in the
future.

16
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d. Necessity for Further Study

In view of the downstream conditions reflecting• the high hazard classification, further studies
are recommended relating to the seepage and
hydraulic operations.

7.2 RECOMMENDATIONS/REMEDIAL ACTIONS

It is recommended that further engineering studies
be initiated in the future to study 1) the seepage
zone behind the right spillway wingwall and 2) the
re—grading of the dam crest near the left abutment
and to the right of the spillway . At that time,
consideration could be given to installing an
auxiliary spillway immediately behind the right
wingwall to augment the discharge capacity .

a. Recommendations

- Inspect the condition of the downstream
slopes behind the spillway wingwalls and
provide additional slope protection as
required.

— Repair the spalled concrete surfaces at
the ends of the horseshoe spillway crest,
the tops of the crestwalls at the sides
of the spillway and the vertical cracks
in the downstream wingwalls.

- Examine and repair the sluicegate riser
stem and wheel.

- Backfill and compact eroded and sloughed
areas along the upstream embankment.

Further, the downstream culvert under Delsea
Drive should be excavated by the NJDOT to restore
its full hydraulic capacity .

b. O&M Maintenance and Procedures

No additional procedures other than those cur-
rently in effect appear to be warranted. The
owner should contact the Division o.~ Water
Resources for information relative to annual
safety inspections and develop a checklist of
maintenance procedures so that records of
inspections and conditions can be maintained.

17
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CH!C)~ LIST
HYDROLOGIC AND IP(DR5WLIC DATA

• 

- 

‘--- £NGI~*ERINC DATA ( 4

DRAI~ACE AREA CHA RACTERISTICS : 6. 7 sq. mi.

ELEVAT ION TOP ~C)R}tAL POOL. (STORAGE CAPACITY) : 71 M.S .L .  (70 acre—feet)

ELEVATION TOP FLOOD CO~~ROL POOL (STORAGE CAPACITY): 75 M.S.L. (152 acre—feet)

ILEVATION MAX fl1UM DESIGN POOL: Unknown

ELEVATION TOP DAz~1:75 M.S.L.

CREST :

a. Elevation +75.0
b. Type earth enibankinent
c. Width 15’
d. Length 350
e. Location Spillove r None
f. Nuznber and Type of Gates None 

- -

OUTLET WQR~S:

a. Type Semi-circular w~ ir (SO ’ eff~~tiv~’ ~~o~j i-h)
b. Location 120’ from riah t abutment
c. Ent rance inverts +71
d. Exi t  inverts +55 .5(. e. Emergency draindown facilities 1 — 24 5 * sluice cate

H~D~~METEOROLOGICAL GAGES: Hydro unit #02040202
a. Type Water Quality
b. Location on dam crest
c. Records 1940-1976

MAXD-IL’M NON-flANAGI1~G DISCHARGE~ 
1280 cf &

— 5 - ; ,

~ 1

- -4
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~TRT0: 0.0 QRCSN : 3.0 RTIOR : 1.00 
- __________

END—OF— PERIOD FLOh
TIME RA IN (YCS COMP 0

1 0.03 0 . Z - U  0.
2 3.03 0.00 0.
3 0.03 0.00 0. 

_________- —  - - - 
4 0 . 03  

- -  0.00 — 0. 
- - - 5

5 0 .03 0 .00 0.
6 0.03 0 .00 0.
7 0.03 0.00 0. 

-

8 0.03 0.00 0.

~ 3.03 0.00 0.
10 0.03 0.00 0.  

-

11 0.03 0.00 0.
• 12 0.03 0.U0 0.

l~ 8.03 0.410 6. - ——

— C

~‘:-~
-
~

- 
~~~~L - -

• .~

.5. -~~~~~ _ _ _ _ _ _ _  - -_



_ _ _ _ _ _ _ _

•Y....& .IhI.. .. DATE - -  LOUIS BERCER & ASSOCIATES INC. SHEET NO...jj j .....OF
CHKD. ST__DATE ..5I~RJ.I!~4A i S~E...1?AJ~L._ PROJECT~~~~.~~j~~~~.
SUSJICT.............. 

I

t~ 0.03 0.00 0.
15 0.03 0.00 0.
16 0.03 0.00 0.
17 0 .03 -- 0.00 — 0.~~ 

-

111 0 .03  0.10 0.
19 8 .03  0 . 0 0  1.
2 0  8 .03 0 . 30  3.
2 1 0 . 0 3  0.lfl A .
22 0.03 0.00 10.
‘.~ 0.03 0.00 14.
24 3.03 0.3k 1?. 5 

-

75 0.011 0.85 25.
- 

76 0 . 0 8 0.05 - —  
43. 

- -

21 0.08 0.05 79.
78 0.08 0.05 133.
29 0.08 0.05  194 .
30 0 .0 8 0.05 .50.
51 0.08 0.0’ 296.
37 0.08 - 0.0~’  

- 332.  - 
-

33 0.08 0.05  359 .
34 0.08 0 . 05  379.
35 0.08 0.05~~~ 394. ”

36 0 . 08 0 . r’ 4 05 .
0.08 0.0’ 4 0 4 .  —

311 0.08 0.05 420. 
-

‘9 0.08 0.05 425.
40  0 .08 0 .05  428 .
‘1 0.08 0.05 ‘31. -

42 0.08 0.05 ‘33.
4 ’  0 . O P  0.05 435 .

- 
44 0.0 11 0. ’)’ 436 .
45 0.08 0.0 5 436.
46 0.08 0.0~i 436.
4 1 0 .08  0 .05   4 3 6 .  - -

48 0.08 0 .05 4 36 .
‘9 8. 54 0. ’1 417.
S~1 0 .5 4  0 .5 1   ~20.
5% 0.54 0.5 1 934 .
52 0.54 0.5 1 1411.
‘3 0.65 0.62 1961.
54 0.65 0.~- 2  24 94 .
55 0 .65 0 .6 2  25 84 .
56 0.65 0.02  3 4 05 .
57 0 .8 1  0. 78 3792 .
58 0.81 0. 78 4 138 .
59 0.81 0.78 44 82 .
60 0.81 0.78 4828.
6 1 2 .04  2.u2 5258.
62 2 .04 2 . 02  5920 .  -

AS 2 . 0 4 2.02 6988.
64 2 . 0 4  2 . 02  8 4 43 .
65 0.75 0 .73  9911.
Ab 0.75 0.73 10e4 ~~,
~~‘ 3 . 75  0.1.’ %j~~59.
8$ 0.75 G.~~3 10835.
69 3 .59  0 . 57  9961.

— 70 0 .59 0. 57 9~~17.( ) 71 1.5’. 0.57 0119.
.5 72 0.59 0. ’.~7 7 146.

05 0 .04  0.02 fs~~53.
74 0.04 0 .02 5961 .

L

~~~~~~~~~~~~~~~~ 

~~~~~~~~~~ 1III•I~.
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LOUIS BERCER & ASSOCIATES INC. SHEET

CHKB. SY _ DATE — ~~~~~~~~~~ LI!
SUBJECT —

15 0 .04  0 . 3 2  5119.  - --
78 (‘ .04 0 . 0 2  4~~97 .
71 0 . 04  0 .02  3422 .
78 0 . 04  0 .02  2 e 5 2 .  -

79 0.04 O . W 2  2 (2 5 .  4
89 8 . 04  0 . C 2  15 4 4 .
81 0 .04  0 .0 2  10 4 7 . - - -

8? 0 . 04  0 . C 2  eel .
83 0 .04 0 . 0 2  863 .

- 
84 0 .04  0 . 0 2  496 .  —- - - —

Ris 9 . 04 0 . 0 2  398 .
46 0.04 0 . 0 2  32’.- 
87 

- 0 . 0 4  - .  
0 .02  - - 268. - -  — - -  - —-

8$ 0.04 0.02 225. $
#9 0.04 9.02 196. I —

90 0 . 0 4  3 . 0 2  174.  - 
- - S

~1 0 .04  0 . 0 2  156.
97 0.0’ 0.02 143. 5

- - — - -  93 - 
0.04 0.02 

- - 143.  — - . — —

94 0 .04  0 .02  . 143. 
•

95 0.04 0.02 143. 4- - - - 
- 96 0.04 0.02 143. - -.

97 8.0 0.0 142.
98 11.0 0.0 136.
99 0.0 0.0 — - 12 4. - — -

100  0 .0  0 . 0  20 5 .
- SUM 25 .12  22 .60  101557 .  - - - ——

PEAK 6—HOUR 24—s OUR 72—HOUR I C T A L  VOLUM E
CFS l1?’9. 64 92 .  1891. 1816 . 08 1554 . - - - -

I ” C PIES 19 .48  22. 70 2 2 . 7 0  2 2 .7 0
IC— FT 3221. 3753. 3753. 3753.

RUNOFF M U L T I P L I E D  Ry ~•~~Qr~. ~. n . 0. 0. 0. 8. 0. 0. 0,
0. 0. 0. 0. 0. 0. — 1.

F. . ‘. 9. 2 2 .  21. 4 0 .  67.  - 57. 125.
048. 166. 179. 169. 197. 203.  2 0 7 .  210.  212. 214 .
216 .  - - 217.  217.  218 .  - 218 .  2 1& .  - 218.  - 218 . — 238.  33Ø~
4’7. 70~~. 9P’~. 1 2 4 7 .  1492.  17 0 7 .  1896 . 2 069 .  22~~1. 24 14 .

262 ’ . 2963 .  5 4 5 4 ~ 42 22. 49 ’ o .  ~~~~~ 56 3 0 .  54 18. 4 9 8 3. 4 ’09 .
4”6 1’. 

- 3671. 3 3 2 ’ . 2980.  2590 .  2140 .  - 1111. 1326. - -  1012. - 772 .
58’. 4 4 % .  331. 248 . 199. 162. 134. 0 12.  98. 87.
ie. 72. 72. 72. 72. 72. 7 2 .  68. 62. 53.

PFA N 6— HOUR 24-I-OUR 72-HOUR T O T A L  VOLUME
CF~ 5~~3fl . 3246. 9~~Es. 908. 99 777 .

!~ICHE~ 
- 9.14 11.35 11.35 * 1.35 -  .5 —

I C — F T  1610. 1817. 1877. 1877.

.. .... •... •f l ..* ..• .  .. .... ..o ..........

$ Y UN0 0$S APH R O U T I 8 ~0

P OUT ING 7Hh”U(W •r!~# v31R - - - - -— - -  - -

I $TAO ICOMP ICCON I T A P E  ~ PI. T J$~R T  INAN E
11 1 0 0 0 I’ I

POUT Y P1G 0 8 1 4  - — -

( )

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~~ - - -_ ~ L. 

•
—~~~ ---~~~~~~~~~~~~ L _.. -~~~~L. 

— ----- —— —- --



5 _ _ .- —--~~
.
~~~- -. ~~n r~~~~-,e’ ’~~~~~ ~~ I-~~~~~~ —~5-—’- ‘~~ ?~~~~~ - - ~~r~~ —~~ --~-—r - -

. 5 - -

SY._ .L.!’ ~’......DATE LOUIS BERCER & ASSOCIATES INC. SHEET
CHED. BY__DATE ~~~~~~~~~~~~~~~~~~~~~~~~ PNOJECT....~~~~2.3 ~~~.

— SUBJECT___ -

I 1 - ‘
I j I I 

S

I i I

S 
‘ : --

~ 

F
. S
a . :  I I I .  - I - -

5 I I I - -

- ,.. I - 
— 

S

S 
• 

I

- - S I - - I -

- - - 
- - •

“ C,. - - - I
—~~ - I - - . S

I , 5 -

~ .a. - -
o - I • 

—S
.— . . -

0) -
- - :5

— - 4
4’ 5 - I I

4 -

K 41) 5

~~ .-e -
0) . 0-~~~~~~• • •  • - •  a . .  . • . . . . . .e I.  . . . • . a a . .  • • . a a .  a • . . • • • , . a
— a ~ a a a a a a 0 a a a a a a a a a a a a a a .- ~~~01 0) g~ a ., . 0- — a 0’ SC IC. 0- 0. SC 0) 0’ . C’ Cs IC. 0- a’ 01 -I -. . 0 — CU .V) 4 a 0’ — 0) 4 SC 0— ~~ Z 0’ C’ a a a a — C’. -- -4 - - 

S ~~ Cs CU (U C’. C s .S . 3 0-  3, 5 - 5
411”~~~~ ..O 0 - - 

S -
- • ‘.1 - I

K a -

a - I
S 4 ’ •~~~~~• • •  • • S • • ~ • • • ~ • • I • • • • ~~~~~• ~ 
- — a a a a a a a a a a a a a c a a a a ~ — 1)1 -~ a a 0. ~ S 0’ Cs — 0- 0- —‘ 4. 0, .~‘ ~ — ., ~~ ,~

S 
~ a a a a a a . -. a - I — — ..) ii-, a —. ~~ II’ 0— 0 0’ .3 0 CU - -

K ~~ -~ - C’. Cs Cs C). C’. (U Ca C,. CU CU C’. C’. CII C). Cs -

~~~
ø K  0.- a. ~~ 

- -• v .a a a - - 
- 

-
— - I -

- -
S • . • • • S • • ~ • ~ • . • a • . . . . a • • S S ~ • • I  S • S S • S • a S S • a •UI (3 a 0 a a a a .3 0 ê .~ a a a a a a a a a a a a a .3 a a — — — C’. 01 II) 0- 0’ — 0) .fl C’. 0 0’ a — ()4 (U 0) 0) 4. 4 4 4’ 4)

S 0- - (U (U C’. CU C’. Cs Cs Cs Cs C’. Cs A. .  -
0 0  .1 0 - 0)  (1) - .

4-, w, - S S
a’ a.

C
I., -

0 ) 0  ~& c
Si~ — Cs 0’- 4 ~ — 0- C C. C — Cs 5’ 4 s~ -~i C’- ~~ C’ (U ~~ 4 II .L 0- 3. 0 — C’. 0) 4. 5’ Si 0- 3. C” CS — Cs 0 4 .s’ sO 0. 3. 0’ c
0 0  0- 5 C5I C’. CU C’. Cs (5 (s C’. Cs Cs 015’ 0 ) 5 )5’ 5’ 5’S C’ - 5’ 5 4’ 4’ 4 4 0 4 4. 4 4’ 4 I. -.1 41) • • —
0 £ O W )  — - 

-
0 5 4  -• 0) - I

3.
0-

K

.30

a ,.,

U I )  

- 

,•Ø
~~(

- 

- 

S 

I

5. 

— 

~.—
S.

-

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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_ _ _ _ _ _
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~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

_S,, .5.5~~~_ r-~~~~~~~
---- _ ,  - . - .- .~ - -~ - - ‘-S.-,—-

-
• 0

LOUIS BERGER & ASSOCIATES INC. SHEET NO....AL&.O,

( CHKD. BY__DATE_.._ . & 24 . ~~&..J>AM_. PROJECT~~~~~2L~~~±. 
I

SUBJECT__ _~~~~~~~~~~~~~_ 

¶7 35. 586. 316.
53 44. 843. 529.
54 53. 1114. 813.
55 61. 1369. 1130.  --

68. 1600.  1429.
57 73•  1807 .  1667.- - ¶ 7  78. - - 3 9 8 3 .  1868 .  - -

99 82. 2153 .  2 0 6 1 a  S

85. 2327 .  2242.
- -~~~~ - 69. 2522.  2431 .

94.  279g . 26 7 7 .
6 ’  102. 3227.  3050 .

- - - - 
64  112. 3858.  3623.  - -

125. 45 8 9 .  430 9 .
66 137.  521~~. 49 56.
6 7  145 .  5552 .  5382.  -

68 147. 5524 .  5483.
‘9 143.  5201 .  5281.

- - -  ‘ 70  136. - — 4 7 4 6 .’ ~~~~~4899.  -

71 128. 4 2 8 4 .  4 4 6 0 .
1. 120. 3866. 4038.

.5 - 
7’ i13.~~~~~ 3500 .  3655. - -- . 5- -

- 
74 106 . 3154.  3299.
75 99• 2785. 2940 .  ‘.1
7E 91. - 2369.   2553.  -

77 83.  1931. 2131.
76 75. 3 5 18 .  1726.

- - - 79 - 07 .  1169.  1371. - -
60. 897 .  1066.

8 $  54.  67 11 a  846.
- - 82 49. 512.  684 .  - S

44.  386.  539.
84 40.  290.  4 18.
6~ — - 

37. 224 .  “ 336 .
86- 34. 1111. 307.
87 31. 148 .  277 .
$9 28. - 123 .   249 .  -

P9 26. 105. 222.
91’ 23. 92a 198.
9 21. 83. ‘ 177. -  —

99 19. 7~~. 138. 5

9’ 18. 72. 142.
- - 94 - 16. 72.  129. -

1)5 15. 72 .  118.
96 14. 72.  110.
97 14. 71.  102. -

99 13. 69. 96.
99 12. 65.  90.

1 0 3  32.  97.  - 84 .

SU~ 90219.

PEAK A —S OUP 74— HOUR 72—HOUR T C T A L  VOLUME - 

-

~~~ 5*83.  3 2 3 0 .  9 4 0 .  907.  90219.
I’ CI4C-S 9.69 11.28 11.29 - 11 .29 -

1603 .  1865. 1865. 1865 .

......•S.. .... ... **. ..fl ..t..•

1 

~~~~~~ ~
- 

I 
______________

~ 

- -~~~~~ - - -‘~~~~~~~~~~~
_ _ ‘ - ‘ - 5 -~~ — - --~~~ -’5- ~~~~~~~~~~~~~~~~~~ - - .5



--

BY. ~~~1~iDAT( LOUIS BERGER & ASSOCIATES INC SHEET
CHKD. BY S......... DATE . - PNOJECT~~C.:..2.I ~L..
SULàECT..... .....S..._ 

—

~~NFL..o~
,j ro Li~~~~ ~~~~~~~~~~~ ~~AM ~~ E$

~~ROt~ii UPSTRE~ A,.1 ~~~ 
( tr 1 1PHa- LA ic.L 1~~AtM - I oo’~~q)

- . 5 - .  - U P — A R E A  R U P O F F  CON PLT AT )01d -- -

186101 ‘8 W A C S . ” PTH LIKE (8 3 T  F R OM ~ T EP* .* NG)
I~~1’A3 ICF’P’P ICC (~8 IT APE .JPLT —- - JP #t INA N C - -—

2 I~I 0 0 0 C 0

I-Y~~ROGJ. A PI - DA T A
05905 Iup’(- T A P f A  S NA ~ t # S L S A T N S ? C  R A T I O  % SPi C~ ISA PE LOCAL

— - 
1 —1 3.6’ 0.0 3.60 

- 
0.8~ 0.5110 0 0 0 

- -

c’RCCIP s3AY A
spcc P u S  84. RI O 1.24 848 872 R~~’ -

~ .I3 2 ’ .s Q  I I ~~.~~0 123.00 132.0 0 
- -  

0.0 0.0 0.0

L0~~S DA TA
S’R Km C ’LTKR a?1r’ L E P a !’ .  S Y R K S  - 8710K 

- 
STR TL CN9TL AIS MI 

- 
RTI MP 

- — _______

“.0 ‘.3 1.r3 “ .8 c.0 0.03 C.50 ~ .1 0 0.0 u.0
.5.5 - - 

~ IVEN usli GRA P I- , NU I-GQ * 2 % - - 

32q . 4’~’. 1~~91. 1302. U68 . 1078 . 868. 642. ~~7.
30 ’ . 291.  : 2 % .  F 6 3 .  12’ . ST .  14. 

- 
57.  ‘~3.

24.  -— -

:IT SP OO N T C T A L S  ~ 3 7 l .  C E ’  O~ 1.01 INCHES OVER THE AREA

.5 - 
RECESS IO %’ DIII) 

- - -  - - -

STP TCa 0 . 0  Q A C S N :  ~.0 P T I O R :  1.00
- - 

(83—O F—PERIOD 61.01 
— - -

‘IP’C R A I N  t I CS  CO P P C
0 0 .0 3  0.~~3 0.

— -- 2 3 .03  Q . ’0 
- 0. - - - -

3 0 . 0 3  0 . 3 0  0.
0 7.03 0 .00  0. 

-— - - - 5 0 .03  - 0 . C 0  0. -

6 0 . 0 3  0 . 3  0.
7 0 . 0 3  0 . 2  3. - - —~~~~
8 0 .0 3 0. 12 - 0.
9 0 .03  0 .00  0. -

10 0.03 Q . OI )  0 . 5
11 0 .03  0 . 0 0  - 

0. 
- -

12 0 .03  0.~~0 0.
13 0 .03  3 .0 0  3. 

- - .10 0 .03  la PS 0.
15 0 .03  0 . 0 0  3.
16 0.03 0.30 0. 

- - -  —07 0.03 0.20 0. 
-

19 0.03 0. C~ o.
19 1.03 0.~~C 0 .
2~ 0 . 0 3  0 . 0 0  3.
21 0.03 0 .00  6.
22 0 .03  0 . 0 0  10.
23 0.03 0.00 *5 .
24 0.03 3. 2 3  19.
‘5 0 .08  (I.~~ 21.
2~ 0.08 0.5 4h.
21 0 . 116  0 . 05  84.
28 0 . 09  0 . 0 5  141. 

- -29 0 . 0 8  0 .25  3 0 K .  - - -— -

30 0 .08  0 .05  ~73.
11 0 . 06  0.~~9 229 .
‘7 0 . 0 4  0.1 0

_ - --~~~~~~~

- 
~~ ~

_ ~~~~~~~~~~~~~~~~~~ I — S.5
~ 

1~. —5—- --’ -~ .---~~~~~~~ --- - .5 -



BY . iLI~1........ DATE LOUIS BEIGER & ASSOCIATES INC. SHEET NO.~~~~J!±..O r...
CHKD. BY _DATE .) E~LLAL~.J�AM_ PItoJECT Jj~L...
SUBJECT _S... 

3 3 0 .08  0 .05  806 .
‘0 0 .08 0 . C ~ 032 .
35 0 . 0 8  0 . 0 5  o51 .
3e 0 . 08  0 .C5  466. 

-

‘7 1.09 0 .03 878.
‘8 0.08 0.C5 486.
~9 0 . 08  0 .05  492.
41 1’ .0P 0. 89 497.
4 $  C .08 0.75 ‘01.
42 0 .08  0 .05    50 4 .
8~ 11.08 0 .05  506.
*4  0.08 0.2’ ‘08.

— 45 0 .08 0.05  509. -

46 0.08 0.05 909.
— 47 0 . 0 6  0 .0 5   509 .

49 0.08 0.05 ‘09. ‘89 0. 50 0.91 ‘50.
52 0 . 5 4  0 .~~1 7 00.
51 0 .5 4  0 . ’1 1. 20.
92 0 .54  0.51  1520.
33 0 .65  0 .62 2127.
54 

- 0.65 - 
0.62   2 144 .  -

55 0 .03 0.67 .5313.
56 0.65 0 .6 2  3828 .
57 0.81 0.18 0~~77. 

-

58 0 . 8 1  0.18 41)90.
59 6.50  0.15 5097.
61 0.81 0.19  5*500.-

61 2 .04  2 . 0 2  5989.

L 

62 2.04 2.02 6729.
6! 2 . 0 4  2 . 0 2  7 .6 3 .
64 2 .04  2 . 1 )2  9429.
65 .~.75 0.13 l lu.87.
4.6 3.75 ~~0.13 1 2 3 5 9 a ~~~ 

-

67 0 .75  0.13 1 28 8 4 .
68 0 .79  0.13 12 6 22 .
69 0 .59  0 .97  1 0 7 7 7 .
71 0 .59  0 . 57  10 7 3 4 .
71 0 .59  0 .~’ 7  9 7 2 5 .
72 0 .59 - 0.57 8808 .  - -

7’ 0.04 0.02 8005.
74 0 . 0 4  0 .02  7193.
75 0 .04  0 .1)2  6 3 0 7 .
76 0.04 0.02 5318 .
77 0 . 0 4  0 . 0 2  4 3 1 1 .
78 0 . 00  0 . 02  3395.  -

79 0 . 0 4  0 .02  2 6 3 4 .
91’ 9 . 04  0 . 0 2  2 ( 2 7 .
8 0  0 . 0 4  0.1. 2 1576.
82 0 . C 4  0 .02  1205 .
8 .  0 . 0 4  0 . C 2  519.
64 0 . 0 4  9.12 - 

700. 
-

85 0 .04  9 .02  .3 3 .
80 0. 04 0 .02 4 3 4 .
81 0 .04  0.$j 2 35*9.’
88 0 .0 8 1.32 300 .
8’) 0 .04  0.1)2 255* .
9~ 3 . 0 4  0.02 228.  -

11 0 .14  0.02 2 00 .
92 0 . 0 4  0 .0 2  08 1 .
171 0 . 04  0. 32 - -  $67.

~~~~~~~~~~~~~~~ I - 

- -.
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LOUIS BERGER & ASSOCIATES INC. SHEET No...AJL Or.. -

~~ CHED. BY_ DATE ~~~~~~~~~~~~~~~~~~~~~~~~~~~ PROJCCT~~~~~~,3~L.....
L •UIJECT ....._...... ._ 

94 3.04 0.02 — 16?. - -

95 0 .0 4  0 . 0 2  167.
96 0 .0 0  0 . 0 2  167..5 97 0 . 0  0 . 0  146 .  - ________

94 0 . 0  0 .0  14*0.
~ 9 0 . 0  0 .0  14 7.

- - 100  0 .0  0 .0  $28 - —

SUM 05.12 22 .40 212017 . -
~~~

P EA K 4— s OUR 24- HOU R 72-HOUR T O T A L  VOLUME - -

cr~ 1 2984 . 7953’. 2 209 . 2120 . 212303. - 
S

— 
i~:cs s ~

“19.!I 22.83 ” 22.83 
- 

22 .83 
- -  -

A C — F T  ‘ 7 4 7 .  0 3 $ 3~ - 
4382.. 4383.

- -- - - 

RUNO FF MU L T I P L I (O  
~~~ 0.50 - - -- - - - -

0. ~. 1’. 1, 0. 0. 0. 0. 0.
1. 1. 0. 0. 0. 6. 3. 0. 0. 1.

3. ‘. 9. 13.  23 . - —  
‘2. 70. $ 0 4 . t37.~~ q

L 

10* . 1.,. 20 ’ . 204. 226. 433. 25 1 7 .  24 3 .  0 ’81 . .  209.
2’ I .  25*2 . 2~~3. 75*4 . 2~~5. 295 * .  2~~~. 2 5* 5 .  2 7 5 * . 3 5 * 0 .
51’. - - 

71.0. 100’. - 
1’72. 1656. 1914. 212.8. 2347. 2 5* 8 8 .  

- ‘2’!52.~~ 
- -

$Q90 • 334.8. ‘9’2. 4714. ‘9~~4. 6178. 88 82 .  6311. 58~~6. 5*367.
.4~~3’. 400.. 4 0 ’ ,. ‘ ‘176 . S% ’~~. 245~~. 2035* . 11 171. 13%7 . 1~~14 . - - 

-

7 ’ 9 .  0 0 $ .  4 ’ ’ . 250. 
~6.. 217. 1717 . 15*0 . 121. -. 

112 - - - - -

10 1. 81. 64. 90 .  88.  84.  83. 80. 78 . 68.

- PEAR 8-HOUR - P4-HOUR - - 
72- HOUR 

- 
T O T A L  VOLUME 

- 
-

OF ’ 44*2, ‘776. $ 1 0 8 .  1 0 60 .  10 6 8 0 6 .
4.76 01 .41 01. 81 11.01
1873. 21 171. 191 . 21 91 . 

-

.......... ......~~~.. .e .. .• . . . .

P ’ Y O R C G R A F H S  -

0 3 ° 09t 8 !P~~LC1 TO WIO S IORTS
15180 1CD~ P ICCCN OT A P E  .JPLT ~~~ JPR T INANE - - -  ~ -

‘2 2 0 C 0 0 1

SUN OF 2 H TOROGR AP H S AT 22
0. ~. 8. 3. C. 0. 0. 0. 0. 0.
‘ , 3. P , 0. 0. 0. 0. 0. 0. — —

6. ~. 12. 3 7 .  28, 50 . 90, 1~~7. 171 .
711. 78 8 .  7Pm , ~~5, 18 • 145* .  388. 080 .  8 13 .  82~~.8!2.. *81. 4 .7 w 05*7 , 857, 00~~. 002 . 04.4. 4 94 .  ¶14 .
71.5. 1 17’. 15*’~~. 21 93. 2787. 3108 . 3805. 0215 . 8~~t0. 0992.

5*826. 6C42 . 6961. 8’3?. 995*.’, 11133. 11823. 117 94. 11170 . 10246 .
~ 2. 3’ ’ . 

- o42 .  7648. 4.885, - . 60~~4. 5 2 1 . .  - 824 6 .  3823 . ” 2666. 
-

$ 6 0 !.  % 7 ~~’, 9~~’. 708. 00 3 ’ .  ‘24 .  4 ’ ? .  ~~ 9. 3’C. 313 .
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